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(54) CHARGE INJECTION SPIN TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED:To obtain a charge injection spin 
transistor which induces a charge alignment phase transition 
by other braking except a magnetic field and which uses the 
transition for a memory device. 

SOLUTION: The charge injection spin transistor comprises a 
perovskite Mn oxide layer 12 having a source electrode 13, a 
drain electrode 14, and further a structure having a gate 
electrode 16 on the layer 12 via an insulating layer 15 to 
induce the charge alignment phase transition. In this 

transistor, a voltage is applied to the gate electrode 16 to 12 
control a carrier (hole) density in the layer 12. Thus, the ^^^^^^^^^^^^M- V 

transition is induced by other braking except the magnetic ^ , ^ ..a„s.* 

field, and this can be used for the memory device. 
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imm i ] m&±izmi ^ntzWsmmw&m. 
zftomom. mfizv-xw*. Kwymt, 

m&Mlxt'y h yy=Jx 9 . 

lib SrWat -*41SffifaEAS* t y h- 5 V * . 

m$m 3 ] it^ 2 imnmw&xmz ty b 5 y 

Pr, _ x Ca x MnOafcaffiitfctf LfcCafcSHni 
LfcPrCaMnOj T*Sifc t^afc-till^Bl 
tcfSfiolW&ASU t y h 7 y 9 . 

\mm.A ] m^m 2 tmo'm&xmx t-y h 5 y 

Ndj _ x Sr x Mn0 3 fr*fl|»£*rU:S r fcSSJn 
LfcNdSrMn0 3 X%lZbZWWlb-tm$l%l 

AMxeyh^y^x^t^v^T, Htrie*«iSrTi 
O 3 #ttAftrr» SCh i»fS 1 1 fEtfcOl 
#&AIUtry b^yi/'X?. 

Aaxeyh^y^x^tfcv^-c. ite&tttfKffiMR 
8Htx y 3 y s^rts y'jn yx-h&z t imib-ri 
mm 1 EttoTO&AS* t-y h 9 y ^ ? . 
[»*3S7 ] m 1 ^4coMix*H=ie«{^m?ta 
ASxt-yh^y^'x^fc^v^T, Hfriea#:A { Mgom 

[00 0 1] 
[00023 

[ft#^K«] «e*, ^aASxtryb^y^x? 
*y (fram (^iiffig) ) vmmmzmiLx^ 

^XHWlfflmiJtVm? (FE-FET) tf&BZ 

nx a *) , OWE 0 K»frr ft«'&®<^ * y t g * 
I.. 

[0003] =E 'J t> , flWIMfcaAOSffl tff 



(2) H2 003-78147 (P2003- 7lBNt 

30MBit/m2 ( 1 0~20GB i t/i n 2 ) 9 

ffiffi^ (MR.it) 0*&fcSSrt»-C;&S. ^-y F* 
WCtStJSSMRJt (Magneto-Resistive) 'Vy F#* 

ftWiTu*^ ftifi-ctiJ; ygy&Oi^xtyA/p:/ 

GMR'v-y FaW^flttfefc. MRJt<0fi£: LTtt, M 

rbtc2%, xt y^>rKT7%s J fe&i). set, 
(mram ) A^jjEfla^a^taikwtHa&sii'oo* 

[0004] ±iecOM RJt#A# < btlhW&t IX , 
F e/C r&jRAlte^£fti&i^SIItt£*JI<7)g* 
l8mffitii$;JII [GMRfcWt, f?U«\ M.N, Baibich, 
J.M.Broto, A.Fert, Nguyen Van Dau, F, Petroff, P.E 
tienne, G.Creuzet, A.Friederich and J.Chazel as:Ph 
vs.Rev.Lett. ,61 (1988), 2472] ^ SIlKtt b y */Hf£ 
X'<m5m£ffl}% [TMRiBg-f, IHitf, T.Miyazaki 

and N.Tezuka:J.Magn. Magn Mater. 139 (1995) L231] m 
mUh&Mz'fthtiX^h . dix^co^cK^f^? 

Xhh. 

[0005] 5EK*# *88JWSSi«ftSr«^l!»fc, 16 
E^JS^ffiSlSllft (Colossal Magneto-Resistance effe 
ct:CMR) (A.Asamitsu, Y.Moriinoto, Y.Tomioka, T.Arim 
uraand Y.Tokura: Nature, 373 (1995) 407] #gjS£g$ 
tlX^h. 

[0006] ±iec7)SSmi:(±, ; ZW*<7)0 t>tcB*0l 
$iX^oyx*^ MSMn&ftfSjRi _ x A x MnO 
3 (RtiLa. Pr, N d^ri:CO+ 3ffc0#db«^ * 
y, AtiCa. Sr, Ba, Pb^rt'<7)+2flS<0^^- 
y) fc*JnTS»$fi*&*£Atf>MRSMi, Sfetti 

(field-induced insulator-metal transition) 5: fa 

■r. i«*ttjit6*L«r^fa«-oti, R 3 + -f^y 
5:A2 + msvx-u (x) s&u^y v-vyy* 
'nobtmw-&mm*&iL, zuzwm&m 
m a y -ffljgT c OT-cttiSf § i t * . 

[0 007] i<0*<?)S2<0l#att, 8^0 (R3 + s 
A2 + ) nm^bmzXiX, *v>J7-®Ex.b* 
*V7-(7)hy>X7 T-m# (fiiiffiS^JB) t, BP 
*>. lS'f Ay F(gWi:^3 2m^7*-9£fr% Y ) 

wmzumv* hzb xhh . «i«r, c m R*mfc l 

TLaj _ x Sr x Mn0 3 (x = 0. 1 7 5 ) 
kSfc, T=283KTliMRJt#90% (H = 0i:H 
= 1 5AT7CT)it) , i/c, Pr, _ x Ca x Mn0 3 
(x=0. 3) ZmiZblt, T=2 0KTaMRit* i 
101 l (H=0tH=6rX5Oj:b) t,tf5*#$t^r 
5. 
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[0008] *fc, xmtmmomu-t&ftiem 

*mt LT„ 1WPl0-2 5 548l-9&*a<*4. 
*«S*0*i, rtfrfWarzAJ hSMnKflSft (P 
r 0 . 7 Ca 0 . 3 Mn0 3 ) fc«E3& WftTf 4 i fc K 

iLfc£><5D-C&4. 
[0009] 

MTI^ ^O^-f hSMnBMfeftfctSWC* 

* 4 . *fc , ±IBfi!*<0«fflPF 1 0-25548 
l*4H8Ttt, KffiSttt®tO£fit^$-HS-r4^t 

[0010] *»Htt, BttJ2tftt>flI^ltt:J:->TC 

mw&ASx ey h y y=Jx f *m?t 4 i t Z l Wk 
■fi. .kOPaitctt, *fHHtt, ^n/x*^f MMn 

iMWUBK^SrRiBS-frifcftfc^ny^*^ hSMn 
WIK«E&9ttllt4il:{=J:0, ^o^*-f VMM 

4. 

[00 11] 

fit* m±.izm^htitznMm\m.m^m^m 
<mm, mfizv-xvM, Fw^tii, v-xm 

^dt^#S!i:LT^4. 

[0012] W**2K»<0»5|-ctt, m$]g lEito 
88&»*»oI!MMWIMt, Mn0 3 $-ftft>-T4Mn^ 

hSMMtre*4fcJ:v\ 

[0013] BWSB3IEtt<0«#Ctt, W5l<«2ieSJcO 

X;M MMfcfljti, Pr, - x Ca x Mn0 3 &4fiji 
£*LfcCa£8&jDLfcPrCaMn0 3 T*4i:t4 

[0014] mmimvftwxn, mm 1 eea 

^t&ASxt-yb^yy^^ci^vc, MIBMn^ 
'"sDT'X^-f hSttli, Nd,. x Sr x Mn0 3 ^ 
4flB6**UfcS rSrjR8nU«:NdS rMn0 3 T$>4 

t-r4t«tv\ 

[0015] »*ll5ie«!^^sj-C«, mm 1 Ji£4 
X , MIBaWi S r T i 0 3 #&Aftr?&4 t -T4 i: «t 



[0016] IMtq|6ett^X>fiTti, H*«l JbW.4 
<0MtLfrlz§fflcr>mffi&*Mz t: y h 7 y v'x ? Kfc ^ 
X . WBMrtWtcflMtS' 'J n y -f 4 v y a v 
xhht-thtiw 

[0017] mm 7 i«*>»jrwi, 1 is 4 

coMixAHclsmom^faAMx e y I- 7 y ? fcfcv ^ 

■c, mim&tfM S omih&X'b$>ttz>t^\ 

[0 0 18] 

imcommmm] mz, mnmm^mix^mn 
sttaASAt> h 9 y ¥A?<7)£M<?)Bmm 

mzffltti .01-07 Sr#BB-T4 , 
aAfflxtry h?y v'x?<o-llSfc»li#*$ftT^ 
4. 

[ 0 0 1 9 ] H 1 tt, *^Sr5SfflpI^S?taAax 
h-yh5y^'x^(7)«*^^^-rm^ii-c?)4. |S]0 

kc&wc, %mmmnmffizjM*.vyhyy : JA 

fit. *fle 1 1 , "*Q7X;&4 hSM nlMUMI 1 2 , 
V-ZWM 13, FW"f y«® 1 4 , IfiiiJi 1 5 s Y- 

hmmieti^ixm^tih. 

[00203 £#1 lti, WttS^n^*^ bSM 
nKflSftl 1 20tS?5£gMeiSuf§?5£&£ toftjtS 
fflirVtfflfcSfu. J&ifiJIl 5tt» UEy-MttS16 
i:^o:/X;M hSMngHL^m 2i<^iaoi£i£S££: 
4fc*<9JlT&4. y-h«ffl 6t4, iie^Drx* 
>( hSMnK-fbftffl 20«WS?iJ1SiE^^^§-ti:4 

tMzmmaxi'^ibcommx'hh . 
[00213 jjck, *W%<nxvyvyyi>x9cnmft 

Mxtyh5yyX^<os#ji^, ^*ys# % ?«*b# 

tt, ^nT'X^-f hSMn|WMU*2 2, ±E^oyx 

ffllB^jWBi 4^2 2 1 , y-X«®2 3 , KM y 
«ffi2 4, ±ie^oyx^W hSMnK-fL!}l!iJ12 2c73m 

«SB2 6 S ±IS^-M8ffi2 6fc^nyx^'f hSMn 
BMi^Al 2 2 t coHiOie^^ fc 4 fcftO^MSJi 2 5T£> 
4. 

[0 02 2 3 *fcB3tt, H2efctt4#«0Bfc*W61- 
4V-X- FU-f ySc0^m$Sr*L.TU4. 03(Cfc 

H2 (a) ICfflSU H2<oau«-2 2 1*«5iattAlJl 

T^*««**W. 02 (b) (iy-MW{C«F*a<0 
k i£c7)S14cOS{il * EPSa t ttfflT* 0 , H 3 CtJ 
v ^Xim^ b tfflS L , 0 2 COSP* 2 2 1 tftttttttttt 

XWVMiXt. 02 (c) WSSKfe^Tft^aO 
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«fifLTV^«OB**-r. H2 (d) li03tJ(t&flF# 
W**JM»«>ttirca9, 03Uo«-£}$-^cU;:;ffli 

[00 23] 

[0024] 1 ) 04 fc, **W<omWfa7J[ 

x e y h y y i?x 9 fcii tt£ — 5<^atJKBo«*H £ 
. 04 tct5^T*Hffi»^m?taASx b 5 
Vi^ti, f-?y®XKoy?->/\£, (SrTi0 3 : 
STOfcBSiE-ti) JMSJWKCiOfllJRSfii*^ 
lPrj . x Ca x Mn0 3 t J: *)mf8LZtlZ>'<.u~7X 
tiA hSMniMt«l4 2. P t«K?*Sy-*«ff 

4 3 , p vmsxfoh km ym®4 4 , ±.&y- y-m 

fl§4 6 i^nyx^-f KSM nK-fkijil4 2t<7M<mL 
Uteri *fctf><DS i 0 2 -?&*t&IM4 5, JJE^nr 

[0025] mz*micommjMA vy hyyvz 

1 0 0 2 6 3 IS ( 1 ) ; 1 1 tT±IB(ca^c 
STOJWSJHHKfcfflK Ztltt#m&LXti< . 
IS (2) ;ia«51iCPr-Ca-Mn/WBI 
SrXtyn-hLT, Pr-Ca-Mny;H5Mf 
*. 2 5 0'CT3 04MftJ&UK#|jft • J&*£ 

fir^£f&, 1 0 0 0iCT3B*HWtJRLP r, 

Ca x Mn0 3 »BI«r 7 0 0 A»flW* . 

iso); is (2) comm3mmmtxPr 

, - x Ca x MnO 3 SB«5 2*tt2 0 00A»jR-r 

IS (4) ;±iBPr! - x Ca x Mn0 3 «R±t:, 
e&V-XWE5 3£100 0A, 6iFHy||5 
4*10 00AX^*ffifcTfl*tS. ft, 
S^^cOPr, _ x Ca x Mn0 3 aERfc*«-4a?*tt 
fclftLtS-frSfctf), S&OTiffii:L.-CTi£5 0A&& 

IS (5) ; UEPri - x Ca x M n 0 3 ?III£$tr 

e -xmm 5 3 , sakm ywm 5 4 ratRiett 
^tv^-ffi*fflv^T, Mats io 2 ti 00 
oAxy\-y^-ri>. 

IS ( 6 ) ; ft«KJJEte»«±fc:^- Nmfiit LTfi 
^1 000A^7^)SiLT ( rA^^SSBRS* 
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[00271ft. JbElH ( 2 ) CfflV^/7l^/Mti8 
cOHSffi^ 0 6 * t, fc KRBJft * . 
[0028] 41\ Pr, Ca.lZtfLX*tl?tlPrT 

n^ify»ia*atfc. iiT»*L<{ir;W3^vK 

K^fi^K, xK^fv-K, -fyTn^i/K. n-7* 

[0029] «(cfffi<^»Bfl**«»«+t»»S 

n-;Wi;<?y-/k x?y-;K -f yroAV-;P 
(IPAfcB&fB) , n-7WV-;K 
;K sec-^y-/K tert-/^y-/K 7^ 
3dfxK7^3-M42-^Kdf^x^y-;K 2-x 
J-lV, 2-7o^yX^y-/K 2-7" 
K^x^y-zk 1 -XV^is-Z-TunS-flstfi 

is**-**.*. 

[0030] Mimizimmj: o ttmz i o y^y 

/WffiKfcHSFfS. 4T\ PrT/Wj/K, CaW 

3=Jr K £ r;pn-/K ^ -/kdv h 
*\ ft4^t«<0|i|ir{=iflW$-frfc»«*»ai i: L 

wt*coMijiz&mitt:wmmt6.2k-r&. <xizm 
mitmm2zw.£Ltz®m*8o^-i3o°cx'M%i 

U Pr-Ca-MnV;l'y/WS«*4»4. 
[00 3 1 ] i^J:-5 tLTll^iXJtxeyK^yvX 
^<oy- Kflffimff i: y-X- K M y^Wft&vM 

t IXcoftmvtBltz. 

[0032] (mtm\2 ) mmm 1 o05^is 
( 2 ) , is o ) fctjv^v/py^ifooftfootv- 

[ 0 0 3 3 ] * 1 IC*»IW2iCfliVVfcU— f-77V 
->- 3 yc7)^n-^i-. ft. ^-y-yM4filT<OJ:'5t 
fSHLfc. BP*,, Pr 60 O, i i:CaC0 3 fcilA'M 
n 3 0 4 <73#©*$r s P r : C a : M nc^K^Jt**, 
0. 7:0. 3 : 1 fc^l»f J-^TfffiL, ZtllZX.? S 

-juzmx. #><7)5?\MX'4 oftfrzmtz. zlx 
uieE^ftfc^SRtfCT i o o CCT2 mmmmi, 

fc. ft^>iX^«?i-&%^ 1 t o n/cm2 

*«+(CT 1 1 0 0-CC4 8«fr B »LM)SLT^ 

[0034] 
[«1] 
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■ » 





780°C 




400mTorr 




2 j/cm 2 




8cm 




n 9^ A /nnlco 




OA LZi 




248nm 




1. 5 J 




20ns ! 




2000A 



[0035] (^Mi?y3 ) *mw\3X'te. i 

P ri . J ,Ca x Mn0 3 »j!i* l }l:Nd 0 . 5 S 
r 0 . 5 Mn0 3 SERfclfllr fflK5 0Ktt$ 

[ 0 0 3 6 ] ffi, ±3i<0|QS»JB»i, #3M8tf>#a$r|g 
JtO-ffCfc*. fit, .rii£Pl££;ft.&*><7reti£- 

[00 37] 

[H^Sftmi J2LhW»LfcJ:3fc, WJHckfitf, 
lil^vyxtJ hfflMn»fl5IOT±(cH9M£tfl/C 
>*|J t>U Zlzm^&Z t tfsitob**. 

[Hi ] *f&mm%&jM.xvvvv> :: Jx9<?inf&. 



[02] *%W£&tt&mffi&Mxv>b5y i Jx? 

cot XT 'J ZsX£iFCtmT$>2>. 

im4]*wn(vwM&Awxv>h7> : Jx?comm 
mco-mx-hh. 

[@5] *%B^m?taASx t y h 7 y *jx 9 mm 
[06 j ^%mzm\^V)vy>vmmcomm.JMmx'h 
[07] *HBflom^f^Aa^ e y i- 5 y vx 9 coy- 

hWEbV—X- b'M >®com^nMi%*7fitmT 

m^cowim 

11. 4 1, 5 1. : Sfr (STO) 
1 2, 3 1, 4 2, 5 2 :+<xi7Xj}4 hMn 
13, 4 3, 53 : y-*^ffi 
5 4 : HWySffi 
4 5, 55: tttU 
4 6, 56 : y-hW& 



14, 44, 

15, 32, 

16, 33, 



13 



[01] 
if 15 

/ 



/ 



14 



12 



11 
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[03] 



23 



26 2524 
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[05] 
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(d) 



b d 
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[06] 
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52 
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80-130^, mm 



,53 54 



IS 4 



165 



XS6 




[07] 
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h«BE(arb unit.) 



JP 2003-78147 



Page 7 of 7 



(7) H2 003-78147 ( P 2 0 0 3-7)UA) 

(72)369!* #~ F?-A(##) 5F058 BA11 BB06 BD01 BD04 BD05 

*SIB*BaKTA ; P3Tg30#2^^y BF12 BF46 BH01 BJ01 

>1*5S:£*tl*l 5F083 FZ10 



r 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



